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Exploration of K2 Mycobacteriophages
with BRED
Colby Agostino and Olivia Schmitt | Dr. Kathleen Cornely | Department of Chemistry & Biochemistry at Providence College

What is a mycobacteriophage?
• Mycobacteriophages are the most abundant biological
entities in the biosphere
• Mycobacteriophages are viruses that infect bacteria of the
genus Mycobacterium
• Mycobacteriophages reflect a diverse set of clusters and
subclusters, each of which infects a specific host bacterium
• Viruses infect bacteria by binding to surface receptors and
inserting their DNA

Phage TM4

Why are phages important?
•
•
•
•

•

With the growing crisis of antibiotic resistance,
phage therapy is a promising alternative to
antimicrobials
Mycobacterium tuberculosis (MTB) is one of the
most dangerous antibiotic-resistant bacteria
MTB is a slow-growing infectious bacterium that
causes human tuberculosis, a disease that
primarily infects the lungs
Mycobacterium abscessus is a rapidly growing,
drug-resistant mycobacteria species, distantly
related to MTB, that causes severe lung
infection
Isolation of viruses from Mycobacterium
smegmatis, the nonpathogenic surrogate of M.
tuberculosis, is useful in curing pathogenic
diseases like tuberculosis

Phage Lifecycle
• Lytic cycle: One form of viral replication;
complete destruction of the host cell via lysis
• Lysogeny: Phage DNA is integrated with the
DNA of the host cell and preserved through
binary fission
• Genes responsible for lysogenic cycle:
Integrase and immunity repressor
• Marcoliusprime and ZoeJ are K2 subcluster
phages that undergo the lysogenic cycle
• Marcoliusprime and ZoeJ can incorporate their
DNA into the host bacterium, forming a lysogen

Phage Cures Patient with Antibiotic-Resistant Infection
• In May of 2019, a “cocktail” of three phages
successfully healed a patient in the UK infected
with Mycobacterium abscessus
• One of those three phages, ZoeJ, was a
genetic mutant of a K2 subcluster phage
isolated on Providence College campus!
• This was the first time that genetically modified
phages were used to treat a bacterial infection
Phages Muddy,
BPs, and ZoeJ,
respectively,
used in
combination as
phage therapy

• K2 subcluster phages infect both M. smegmatis
and M. tuberculosis
• Research goal: The purpose of this research is
to genetically modify two K2 subcluster phages
in order to advance phage therapy and serve
the medical community

Research Goals
Chief objective: Produce genetic mutants of
mycobacteriophages ZoeJ and Marcoliusprime that behave
lytically and destroy the host bacterium
The immunity repressor will be knocked out, or removed, from
the genome of Marcoliusprime. The repressor allows the phage
to maintain lysogeny
The integrase will be knocked out from the genome of
ZoeJΔ45, effectively creating a double mutant. The integrase
allows the phage to incorporate its DNA into the host bacterium.
ZoeJΔ45 refers to the ZoeJ phage with its repressor deleted
BRED (Bacteriophage Recombineering of Electroporated DNA),
a technique designed by the Hatfull Lab at the University of
Pittsburgh, will be used to knock out genes that enable
lysogeny

BRED: Primer / Substrate Design
• A 400 base pair substrate, or G-block, was
designed in the fall using the informatics
platform Benchling
• A portion of this substrate was homologous to
200 base pairs of phage DNA both upstream
and downstream of the deletion
• Recombination occurs without the piece in the
middle (the immunity repressor or integrase)
because there is no DNA homologous to it
• Primers were designed to PCR (Polymerase
Chain Reaction) amplify this substrate in order
to obtain more of it
• Primers were also designed to verify the
mutant phage

BRED: Substrate Amplification
Marcoliusprime G-block

•

Lane 1: 100 bp ladder

• Lanes 2-5: 400 base pair substrate for Marcoliusprime
• There were four clean bands at 400 base pairs indicating
that the substrate was amplified

500 bp

• Once the G-block was amplified, a PCR cleanup
procedure was performed to obtain highly purified DNA
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• The PCR product was purified using a commercially
available Zymo kit to remove the salts

BRED: Electrocompetent Cells
•

Electrocompetent cells of M. smegmatis were
necessary to ensure that the bacterial cells take
up the phage DNA and substrate with the
application of an electrical field

•

Liquid cultures were prepared from ice crystals
of the recombineering strain, M. smegmatis mc2
155 + pJV53

•

pJV53 is a plasmid which contains a gene that
encodes for kanamycin resistance. pJV53 also
has the recombineering enzymes necessary to
accomplish the allelic exchange reaction

•

When the optical density (OD600) of the liquid
cultures reached 0.4, acetamide was added to
induce synthesis of the recombineering genes

•

After incubation, a series of centrifugations and
10% glycerol washes were performed to
eliminate salts

Future Experiments: Electroporation
• To ensure that the M. smegmatis cells
take up the substrate and phage DNA, an
electric field will be applied to the
bacterial cells, increasing the permeability
of the cell membrane
• The cells and DNA will be electroporated,
or shocked with a pulse of electricity,
which will facilitate the allelic exchange
reactions
• PCR will be used to experimentally
confirm the phage mutant
• Three rounds of purification will be
completed to analyze the mutant phage
DNA

BRED: Future Research…
• While all plaques will contain wildtype phage DNA, only
some will contain the phage mutant
• To determine which plaques have the mutant allele, a
series of PCR screenings will be performed
• The amplicon for the mutant phage will be shorter than that
for the wildtype
• Once mixed plaques containing the deletion are identified,
phages that have the deletion will be isolated and purified

